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(54) METHOD FOR CLEANING ETCHING DEVICE 

(57)Abstract: 

PURPOSE: To easily clean off the dust from the surface 
of an electrode by placing an insulator wafer on the 
electrode deposited with dust in the plasma etching 
device and electrostatically adsorbing the dust on the 
electrode by the wafer charged by plasma. 
CONSTITUTION: A substrate to be treated is placed 
between the upper and lower plasma electrodes opposed 
in a vacuum chamber, gaseous An etc., are introduced, 
and plasma is produced between the electrodes to etch 
the substrate surface. In this case, dust 1 3 (particle) 
generated in etching is deposited on the lower electrode 
2. Accordingly, an insulator wafer 1 4 is placed on the 
lower electrode 2 to remove the dust 1 3, the wafer 1 4 is 
positively charged by the cation in the plasma, hence the 
dust 1 3 on the lower electrode 2 is adsorbed by the 
wafer 1 4 and removed, and the surface of the lower 
electrode is easily cleaned. 
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CLAIMS 



[Claim(s)] 

[Claim 1]Place a substrate on an electrode of a vacuum chamber which has an electrode which 
counters, and gas is introduced in a vacuum chamber, In order to clean particle deposited on an 
electrode in an etching device to which it was presupposed that the surface of a substrate which 
was made to generate plasma and was placed on an electrode by this by impressing high 
frequency voltage to inter-electrode is etched, By placing an insulating material wafer or a wafer 
with an insulator layer on an electrode, electrifying this by plasma, making particle stick to a rear 
face of an insulating material wafer or a wafer with an insulator layer, and carrying away this 
wafer from an electrode according to electrostatic force. A cleaning method of an etching device 
removing particle from an electrode. 

[Claim 2]Place a substrate on an electrode of a vacuum chamber which has an electrode which 
counters, and gas is introduced in a vacuum chamber, In order to clean particle deposited on an 
electrode in an etching device to which it was presupposed that the surface of a substrate which 
was made to generate plasma and was placed on an electrode by this by impressing voltage to 
inter-electrode is etched, By placing an insulating material wafer or a wafer with an insulator 
layer on an electrode, electrifying this by plasma, making particle stick to a rear face of an 
insulating material wafer or a wafer with an insulator layer, and carrying away this wafer from an 
electrode according to electrostatic force, A cleaning method of an etching device, wherein it 
removed particle from an electrode, and a wafer for this cleaning cancels electrification inside a 
vacuum chamber, cleans a field physically and is again used for cleaning of an electrode. 
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[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to the cleaning method of the electrode of an 
etching device. Etching is a dry-type method here, plasma is generated, this is applied to the thin 
film formed on the substrate or the substrate, and the surface is deleted. An etching device 
impresses high frequency voltage between the plate electrodes which counter in a vacuum, 
generates plasma, and contacts plasma on the surface of an object slack board or a thin film by 
this. 

[0002]Although the surface is deleted by etching, it is certainly generated by garbage and waste 
at this time. Garbage, waste, etc. are called particle here. Although these ingredients are various, 
it is minute particles, and since it floats alf over space, it may adhere to a wall surface, the field 
of apparatus, etc. 

[0003]Although the great portion of generated particle is carried away by an evacuation device, a 
part remains in the chamber of a device. A part [ further ] has some which remain on an 
electrode. In the case of a parallel-plate-electrodes system, a lower electrode is put on level 
facing up in many cases. In this case, the substrate which is an object of processing is placed 
upward on a lower electrode. The particle which floats to chamber inner space is deposited on 
an electrode. If a repetition etching process is performed and a new substrate is placed on an 
electrode, the particle on an electrode will adhere to the rear face of a substrate. Although a 
rear face can be considered not to interfere since it is a field which is not used, it is not so. 
[0004]In a cassette room, although a processed substrate is put on one step of the cassette by 
which many shelves were located in a line up and down, there is no bottom plate in this shelf. In 
vibration or an operation of a gas stream, the particle attached to the bottom of the upper 
substrate falls, and adheres to the upper surface of a lower substrate. If it becomes like this, the 
quality of the thin film etc. which should be formed on a substrate will be spoiled remarkably. 
Since it is an etching device, particle certainly occurs. It stands to reason that a part of this 
accumulates on the upper surface of an electrode. Therefore, a device for making the upper 
surface of an electrode clarification is desired 
[0005] 

[Description of the Prior ArtjConventionally, the special measure was not made to the dirt of an 
electrode. The following is made in order to clean an electrode. A chamber is made at the same 
pressure with the atmosphere, and this is opened. Internals, such as an electrode, are exposed 
into the atmosphere and a worker wipes an electrode surface with the cloth which attached pure 
water, alcohol, etc. Or ****** is carried out with the cloth which nothing attaches. Or an 
electrode is removed, and this is soaked in pure water, alcohol, acetone, etc., and is cleaned 
ultrasonically. Thereby, the particle on an electrode, etc. are removed. 
[0006]An electrode becomes pure now and it is again attached to the inside of an etching 
device. An etching device can be lengthened to a vacuum and etching can be performed again. 
Although the electrode top is pure for the time being, if etching is repeated and is performed, an 
electrode top will become dirty again soon. An electrode top may become dirty again during 
attachment work. 

[0007]Then, although what is necessary is just to clean ultrasonically as soon as it carries out 
atmosphere release of the chamber again and wipes an electrode, it takes time further until it 
reaches a stationary state even after carrying out the middle of the etching in the meantime, 
cleaning finishing, closing a chamber and resuming etching, if atmosphere release is carried out. 
The efficiency of etching falls remarkably because of electrode cleaning. Since this is not 
desirable, it does not die to the reason for cleaning frequently. Atmosphere release of vacuum 
devices is not carried out frequently. 

[0008]An electrode's being polluted is that not only etching but the vacuum evaporation which 
forms a thin film, weld slag, and CVD are the same. Since a substrate is processed 
independently, adhesion of the particle to a rear face does not become a problem. For example, 
since a tray is placed on an electrode, this is stored to a cassette and it goes even if it conveys 
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and etches in the state where it put into the tray, it is the same thing that particle falls on the 
upper surface of a lower substrate from the rear face of a tray. Even if it puts into a tray etc. 
and processes, the problem of particle attachment is not solved. 
[0009] 

[Problem(s) to be Solved by the Invention]In order to clean the machine part in vacuum devices, 
techniques, such as opening a vacuum chamber wide and wiping with cloth, are used, but opening 
to the atmosphere is not desirable for vacuum devices. Therefore, a mechanism in which an 
internal mechanism can be cleaned is desired, without carrying out atmosphere release of the 
vacuum devices. It is cleaning of the dirt of the electrode of an etching device which is made an 
issue of here. An object of this invention is to provide the method that an electrode can be 
cleaned, without solving such a difficulty and opening a vacuum chamber. 
[0010] 

[Means for Solving the Problem]A cleaning method of an etching device of this invention. In a 
device to which it was presupposed that the surface of a substrate which introduced gas in a 
vacuum chamber, was made to generate plasma by impressing voltage to inter-electrode [ which 
was installed in a vacuum chamber ], and was placed on an electrode by this is etched, In order 
to clean particle deposited on an electrode, an insulating material wafer or a wafer with an 
insulator layer is placed on an electrode, He is trying to remove particle from an electrode by 
electrifying this by plasma, adsorbing particle according to electrostatic force at the rear face of 
an insulating material wafer or a wafer with an insulator layer, and carrying away this wafer from 
an electrode. 

[001 1]DraMng_ 1 shows a method of this invention. Here, an internal structure of a vacuum 
chamber is omitted and shows only a lower electrode, (a) shows the state where particle 
accumulated on a lower electrode, (b) shows the state where you carried an insulating material 
wafer on a lower electrode, and made it charged by plasma. With a conveying machine, an 
insulating material wafer is carried on an electrode and placed here. This neighborhood is made 
to generate plasma. Since it is an insulating material, a wafer is just simply charged by contact of 
a positive ion. Since this generates strong electrostatic attraction, particle which suited on an 
electrode can be drawn near to an insulating material wafer with electrostatic attraction. Particle 
is transferred by wafer from an electrode. Subsequently, with a conveying machine, a wafer is 
carried up from an electrode. Particle is removed from an electrode by this, (c) shows this state. 
[0012]Drawing 2 shows a case where a wafer with an insulator layer is used. This attaches an 
insulator layer on metal and a semiconductor. The insulator layer is placed so that an electrode 
may be contacted. Others are the same as that of a case of drawing 1 . 

[001 3] Although particle adheres to a rear face of an insulating material wafer and a wafer with an 
insulator layer, this can be removed by canceling electrification within vacuum devices and 
cleaning a field physically. Within vacuum devices, if these wafers can be cleaned, repeated use 
of the same insulating material wafer and the wafer with an insulator layer can be carried out. 
[0014]If cleaning of a wafer is difficult within vacuum devices, a wafer for many cleaning will be 
stored in a vacuum chamber, and an electrode will be cleaned, using this one by one. What is 
necessary is to open a vacuum chamber, to take out a wafer for cleaning, and for pure water, 
alcohol, acetone, etc. just to wash this, when a used wafer collects. 
[0015] 

[FunctionjOn an electrode, the wafer made with the insulator or the wafer (it may be called the 
wafer for cleaning) which attached the insulator layer is placed, and this is made to generate 
plasma, such as nitrogen and Ar, in inter-electrode. In the case of etching, although BCI3, CIg, 
SFg, CF^, etc. are used, same gas as this may be used. Such plasma hits the wafer for 

insulating material cleaning, and the wafer for cleaning with an insulator layer, and electrifies this. 
In the case of a conductor, since an electric charge escapes to an electrode, neutrality is 
maintained, but in the case of an insulator, since an electric charge will not escape if a charged 
particle hits, it will be charged. 

[0016]Since plasma is a meeting of a positive ion and a free electron, the wafer for cleaning is 
just charged. This draws the particle deposited on the electrode with electrostatic attraction. All 
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the particle that suited the sake on the electrode adheres to the wafer for cleaning firmly. That 
is, particle is transferred from an electrode to the wafer for cleaning. Then, if the wafer for 
cleaning (an insulating material wafer, wafer with an insulator layer) is carried away from an 
electrode, the dirt of an electrode will be removed thoroughly. 

[0017]In the usual etching, the target substrates are conductors, such as a Si wafer and a GaAs 
wafer. For this reason, a wafer is not charged and the particle deposited on the electrode is not 
drawn. However, in this invention, the wafer of an insulator or the wafer in which the part 
became an insulator layer is used. In the case of a wafer with an insulator layer, it places so that 
the direction of an insulator layer may contact an electrode. 

[0018]Slight plasma to be used is also different. In etching, although Ar, nitrogen, oxygen, etc. 
may be used as etching gas, reactant etching is carried out by the gas containing halogen in 
many cases. Since what is necessary is just to electrify an insulator in this invention, even if 
chemical potential is weak, it does not interfere. 

[001 9]Since the etching device is equipped with the conveying machine of a wafer, or the 
generator of plasma from the first, these can be used for them as they are. I hear that the point 
that furthermore the method of this invention was excellent does not need to open a vacuum 
chamber to the atmosphere, and there is. Since an insulating material wafer is carried in a 
vacuum, you place on an electrode, you make it charged with plasma and this is carried away, all 
can be performed in a vacuum. Since it is not necessary to break a vacuum, working capacity 
can be raised remarkably. 

[0020] Like a conventional method, once it breaks a vacuum, the next starting will take time and 
a stationary state will not be reached easily. In this invention, the time for it is unnecessary. It is 
altogether performed automatically by this invention that a worker wipes an electrode using 
cloth, although it becomes troublesome handicraft. The work itself is very easy and it does not 
degrade work environment. 
[0021] 

[Example] Drawing 3 shows the outline lineblock diagram of an etching device. An etching 
chamber is the space which can be lengthened to an oblong vacuum. Operation for etching can 
be performed. The parallel plate electrodes which consist of the upper electrode 3 and the lower 
electrode 2 are provided up and down. The substrate (the thin film may be formed in the surface) 
4 which is the target of etching is carried on the lower electrode 2. The plasma 5 has occurred 
between the electrodes 2 and 3. The upper electrode 3 is grounded in this example. High 
frequency voltage is impressed by RF generator 6 to the lower electrode 2. High frequency glow 
discharge happens to inter-electrode. 

[0022]Mobility differs between an electron and a positive ion and it may be considered that ion 
hardly moves as compared with a motion of an electron. The lower electrode 2 becomes negative 
voltage automatically because of the difference of speed. An electron becomes difficult to collide 
although a positive ion hits the lower electrode 2 at a sake. If Ar, nitrogen, etc. are used as gas, 
the plasma of this will hit the surface of the wafer (substrate) 4, and will delete this. If the 
existing gas of the reactivity of halogen etc. is used, the speed of etching will become early 
further. Such a thing is known well. This etching chamber 1 is being pulled to the vacuum with 
the pump 7. 

[0023]The conveying rooms 10 and 10 are established in the right and left of the etching 
chamber 1 . This builds in the elastic transportation arm 1 1 for conveying the wafer 4. These 
pans have the cassette rooms 8 and 8 at right and left. These are the space for performing 
insertion into the chamber of a cassette, and ****, without spoiling the vacuum in the etching 
chamber 1 . About 25 wafers of 4 - 8 inch diameter are dedicated here, for example. The gate 
valves 1 2 and 1 2 are formed between the etching chamber 1 and the conveying room 1 0, 
enabling free opening and closing. 

[0024]Holding the etching chamber 1 to a vacua, if a gate valve is closed, wafers can be 
exchanged and it is efficient. A conveying room is also provided with the pumps 7 and 7 for 
original evacuation. One cassette room (the 1st cassette room) is for insertion of a wafer. The 
cassette room (the 2nd cassette room) of another side is a thing of ****** of a wafer. The flow 
of a wafer is one-sided and efficient. 
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[0025]The wafer cassette 9 which up-and-down motion can do with many shelves is formed in 
the cassette room 8. The transportation arm 11 of the conveying room 10 consists of three the 
members and rotating members which pivoted the end of each other, the angle of a member is 
the same and a constraint which draws an isosceles triangle is imposed. A wafer backing plate 
can be expanded and contracted by this. 

[0026]When the straight-line motion of the top wafer backing plate is carried out with a wafer 
placed and an arm is extended, it can go into the cassette room 8 and the etching chamber 1, 
and can go. When its arm is drawn in on the contrary, a wafer backing plate is located on the 
medial axis of the transportation arm 1 1 . Such a transportation arm is publicly known. Of course, 
the transportation arm of other kinds may be used. 

[0027]In the cassette room 8, if a wafer backing plate is inserted directly under a wafer with the 
wafer cassette 9 and the wafer cassette 9 is dropped for a while, a wafer will ride on the wafer 
backing plate of a transportation arm. Subsequently, if a little cassette is raised, a wafer will 
separate from a shelf. If the pivoting angle between members is changed, the wafer backing plate 
in the state where the wafer was placed will return to a right above [ a transportation arm ] 
position. Half rotation of the whole is carried out here, an arm is extended again, and a wafer is 
carried on the lower electrode 2 of the etching chamber 1 . If the lower electrode 2 is raised for a 
while here, a wafer will ride on a lower electrode and will separate from a wafer backing plate. 
The transportation arm 1 1 is retreated from the etching chamber 1. The gate valves 12 and 12 
are closed. The etching chamber 1 is separated from other space. 

[0028]The wafer 4 receives an etching process here. Etching gas chooses a suitable thing for 
the purpose, such as gas of a halogen system, inactive gas, nitrogen, and oxygen. After etching is 
completed, the gate valve of an opposite hand opens. The transportation arm 1 1 of this 
conveying room is extended, and according to the above-mentioned procedure, an etched wafer 
is put on a wafer backing plate, and is carried out. This is accommodated in the shelf of the 
wafer cassette 9 of the cassette room 8 of an opposite hand. The same operation is repeated, 
the etching process of all the wafers first inserted in the 1st cassette room 8 is carried out, and 
it accumulates in the 2nd cassette room 8 one by one. 

[0029]After processing of all the wafers finishes, where the gate valve 12 is closed, the lid of the 
cassette room 8 is opened, a processed wafer is taken out from the 2nd cassette room, and an 
unsettled wafer is inserted in the 1 st cassette room. 

[0030]The above is only the usual etching. To **, the upper surface of the lower electrode 2 is 
cleaned the how many sheets of etching. The insulating material wafer for cleaning which was 
beforehand put into the wafer cassette 9 and was placed, or a wafer with an insulator layer 
performs this. Here, the Si wafer was oxidized thermally and the wafer which made the surface 
Si02 was used. Although a rear face should just be an insulating material at least, also in both 

sides and an edge part, it is the insulating material which was used here. The wafer for cleaning 
is carried on the lower electrode 2 by the transportation arm 1 1 completely like the usual 
operation. By plasma, this is just electrified. The particle on an electrode adheres to the wafer 
for cleaning. This is taken out by the transportation arm 1 1 of another side, and it puts on the 
wafer cassette 9 of another side. Or the electric charge of the wafer for cleaning is neutralized 
by the discharge means provided in the cassette room 8, and after wiping and purifying a field, it 
may accommodate in the wafer cassette 9. 

[0031]Since the dirt of a lower electrode is removed by this, by it, the usual etching operation is 
started again. When the number of particle on the lower electrode before cleaning was measured, 
they were 1 00 numbers per area of a 6-inch wafer. However, when this invention cleaned, the 
number of particle per same area decreased to tens of pieces. It turns out that I hear that about 
1 /decreased to 10, and the effect of this invention is excellent. Operation for cleaning can be 
performed without breaking the vacua of an etching chamber. The time which cleaning takes is 
also short and ends. The efficiency of etching is hardly spoiled. This Si wafer can be repeatedly 
used for cleaning. Etching can remove the insulator layer of SiO behind and it can also be again 
used as a Si wafer. 
[0032] 
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[Effect of the InventionjThe cleaning method of the electrode of this invention does not need to 
open the whole etching device in the atmosphere. An electrode can be cleaned without breaking 
a vacuum. Etching is not barred for electrode cleaning. The utilization efficiency of an etching 
device can be raised remarkably. 

[0033]Since it can clean easily, if it decides that electrode cleaning is carried out for every 
etching of some wafers and the cleanliness of an electrode is improved, a possibility that the 
wafer after etching will be polluted can decrease and the yield of the etching [ itself ] can be 
raised. 

[0034]Since the cleaning work itself becomes easy and it is automatically performed compared 
with furthermore wiping with cloth, a worker's burden is also eased. Work environment can be 
kept good, without a poisonous substance dispersing, since a chamber is not opened 
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[Brief Description of the Drawings] 

[Drawing IjThe figure showing the method of electrode cleaning of this invention using an 
insulating material wafer, (a) is a figure showing the state where particle has accumulated on a 
lower electrode, (b) is a figure showing the state where placed the insulating material wafer on 
the electrode in accordance with the method of this invention, and this was electrified with 
plasma, (c) is a figure showing that particle is removed from an electrode by removing an 
insulating material wafer. 

[Drawing 2]The figure showing the method of electrode cleaning of this invention using a wafer 
with an insulator layer, (a) is a figure showing the state where particle has accumulated on a 
lower electrode, (b) is a figure showing the state where placed the wafer with an insulator layer 
on the electrode in accordance with the method of this invention, and this was electrified with 
plasma, (c) is a figure showing that particle is removed from an electrode by removing a wafer 
with an insulator layer. 

[Drawing outline lineblock diagram showing an example of an etching device. 

[Description of Notations] 

1 Etching chamber 

2 Lower electrode 

3 Upper electrode 

4 Wafer 

5 Plasma 

6 RF generator 

7 Pump 

8 Cassette room 

9 Wafer cassette 

10 Conveying room 

1 1 Transportation arm 

1 2 Gate valve 

13 Particle 

1 4 Insulating material wafer 

1 6 A wafer with an insulator layer 
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DRAWINGS 



[Drawing 1] 
13 



[Drawing 2] 

(a) 




http://www4jpdljnpit.go jp/cgi-bin/tran_web_cgLejue?atw_u=h^ 201 0/02/1 7 




http://www4Jpdl Jnpitgo jp/cgi-bin/tran^web_cgLejue?^^^ 201 0/02/1 7 



(i9)B*H#frjT cj p) (12) H i|f 1^ ^ ^ (A) cinm^mm&m^n 

#PS^6- 173041 

C43)i:^M H ¥jS 6 ^(1994) 6 ^21 H 

(5i)intci.» mm^ rffHmmm^- f i mmm^mm 

C2 3F 4/00 A 8414-4K 

B 0 8 B 6/00 2119— 3B 

H 0 I L 21/302 N 9277-4M 



C2i)a{ffi#^ 


!|t«¥4-350464 


C7l)tBfilA 


000003942 










C22)m@B 


¥5^4^0992)12^2 0 










a2mmm 
























(74)f^L*^ 





(57) imm] 

3&»^>]Dt»)l^{t{f. r^^J'/pj&il^^ti. 



..g... , & ^.■..-■t..,,..»V ... A.. 



" \ <>.) 



(2) 



!lfga¥6-l 73 04 1 



i<7)'>x>'\s«ffi*^/?,ait;fis^fc{:j; 0, mm 

^JV^m^-th Xoi.zLfz:it ^^ft 

itT,tci'or^ffii:tcSv>;tS:^<7)^m^x.yf->' 

iZ-rS <r i: i: Lf^x>yf->-^-^aKi5V>T. mM(n±.i,z 

mm^tifcj-^-T- -i ^Ji^^mm-ttfzibi,z^ mmm^^:!^ 
j^tfciiwmmn^^xj\imm±i,zm^ . r^xvt: 
2:-ox ^ti^wm^^. mmMzk^xj-^-^^^jv^ 

•ti-. :z.<r)-^xj\t:mm}^^MX/^i>Z.b(,zX^ . VM-i)^ 
[000 1] 

^cT):?' y -->'^5^■:^r&^^p-r . ^ ■r-rx •y^>':?''i: 
'yxnm:hms.■^mfrmm\>z■r'7X■r^^m&^'^h 

[ 0 0 0 2 ] X .y f-i/^'tc i -?Taffi*>'BiJ^^x^3&i. ^ 

m.'\^W^-X'h 0 . ^r^4'^Ci?iS-r -S ^: i: t ^ o . m 
[00031^ L!t>'N-— r >f 

fca^-r-i.. "^t^hz-mimmfmxz^hi^c^ifhh. 
m<nnM(^kxz±jH% , y^m'^iizn 



[0004];?7-b<yh mz1^\ \X . ^^!l^I^^^7)*R{4 . 

mifi}fv\,z^mtLfiij^v v<^\mzm--fihifi. z 
<7)±Mt3#*-f-^ . zd^i.t mmco±i,zmm.^ti^K 

#^M^i:'<^(a«&l=L<«fci-C Lid, x-yf->-j?'^ 

X. mm<^±m^m»\,z't^izib<7)jL^im^ti^, 

C0005] 

mm-^. m^cr,nmmmi^i^^\.zm&L. im 
M*. T)vn-)v^j:Wi;nfz-mx'mm&^w, 

m^IXO^f-L. Clit&M*. r;^rr-;K T-fehy^: 

[0006] itLT-mffiJi* ^tc^ O . St/"x>y ^y^" 
^«coi*ig|5fcKO#(t4.ixS. x^y^^-i^-^a^xstc 
§IV'>TSl^x.y^>'^^f^$-^ra<!:i:3&*T#S, Uf^ 
<{4«ffic7)±{iJf?t-C^^§*i\ X -y ^yi?-^Mi9iit1f 

[ 0 0 0 7 ] -r-l. i: S^^c^A- V^^'^p^^^m tT«@^ 

XLtiob -eoSx .y ^yiJ^f^3&«pf KSixS J«f 

*^l|:b o T -^^ •^"Sr W t . X -y ^ y ^•■f'^SrggH t 

f*fc^S4#c«t33St-'i. i f§ ^> iizmmifi^-^ti-^h . «^?f 

Jfc7)Jt4f>fc^L<x>y^>i?-Mco«g*3iii{ST-r-S. i 

mmt. L < ^\>^cDx\ m^mm-t^ t\<^d hmzn^^ 

[0008] mmimm^tL^ i: 3 «o{4. x -y ^y^j^- 
i^n^^-r. mm^m^-t?>m^. x^s-.y:?'. cvossri: 

n t c h rS)^ , tfz^^m^xmm-rit^i^m 
m^co^-^-'r ^ ^'jucDitmni^^miz^^coxit^w m 

hmM<^±.\iZ\>\y^ -^m.^ . zix^:^^^yYi,zmhvx 

Tcomi^co±mi,zwr-th t\^o coi±m t ; t t& 1. . 

[0009] 



(3) 



#IH¥6-1 73 04 1 



[00 10] 

[0011] mm^^mco-^^^^-r. i>i-c«*s 

TV>^ . ( a ) {iTSP«fii«0±Jc^N--T- ^ ^^/t-A^iiW L 
fzm&^^-t. ( b ) {4Tli®ScO±fc«sigyfe'>xyNS- 

m-^T^x^izx^x^m^'tti^^tr^-t. 
i^zx-yx. mm^:x./\^mmcD±i,zMx/z:ii,zm<, 

X ^ ^yHi:^i»!H9'>xy\lc«i«5WtiJ; -3T5l#^-a:^> 
tiS, r-f :?/^J&^mliJ&»4.'>xy^^^|g^9§^^,§. o 

l^-C«ili^ajcJ:-^T. ':^xy\Srmffi:«^^.W±{fS. 

(c ) {4<r<7)^t«S:^-r, 

[0 0 12] 112(4«Si^##'>xyN^M»'^5t*^2:S^ 

-To .rti.{4. Amtfz^mi^<D±i,zimtmt:Hiffzi^co 

[0013] lil^ti'^xyN. ^:r.j\</)MmiiZ 

^pi^ L . mt:mmm\.zmm^^ c: t j: o ^< <i i: 
*^igi*ir. ^tt<i>i>xyN^ttffT#ii{f. 

|5lt*g»!f^J'>X7N. i^ffi##'>Xy\$-i^l9igL^tffl-r 

S ^: i: ;5*-C# . 

[0014] M^mm.nx'^:^\cr>mmimu-ni\is:. 
^m<^mmm<o^:i^^^m^^^ y^<fHi,zim Lxt5 

s . zti^mmm Lxmrn^mm^t i a i,z-t^ . « 



[00 15] 

[•f^ffl] mfficO±tC. i^i^TT^^'^xyN. 

^MMt/c'^xyN (»Jfffl'>xyNi;V^ai^:^>3i§) 

X.y^>'j5^CO^{4, BC Is . C I2 . N 
2 . SFe . CF4 ^b'^m^^hUfi. ^ltlbmt:ffXX 

^ft'^ior5xv*>'igi^!f%jfffffl'>xyN, mm 

]K##»ffM'>xyHca/^i9iixS:#«§-ti:^, »#:tfO 
tXLto. 

[0016] y°yX'?\i.iE-(-^yh giS^to** ox- 
«>^3&^^. ifffM'^xyNJiiEfc^m^l,. i^t{4«feJi 

liZimLfz^-^-'r ^ )V^mnBmzi:^X^\^iin 

fzi^\,zmM±.i,zh':>fz^^-r- < ^}Vifi±xmnm^ 

"^xyN (^aj!f?j'>x>'N. ^JKftt-^xyN) ^«ffic7)± 

:6»^av"*n{f , mm<rmhj,^-Mzw^% Ki>zt\,z 

[0017] a^cox ^y^y'f<r>^nW^h ■^j:hmSL 
Si'^xyN. GaAs'^xyN^^fcO^fllftcfli^, 

i^»|sO'>xyN, *^:{4-^*^ffii»Mlc^-:);t'>xyN^ 

iiZwm-txot<zm<. 

[0 0 18] tTtfijffl-r-sr^xviii^L^d. x.y^ 

^jp'O^ii. Ar. mm. ^*^i:^x>yf-v^-;9-x 
X ^i-yi^-^-th z t \ ^^^-CJilfc^^*^ 

[0019] ^:rj\a)mmn'^y°yX-?co%^m 

a. :c^y^yimmizi,bi>tmx.ii>tix\^ti^{^. ^ 
^oM;fLfc^^.(4. y^-<^±mzmm^^smt^ 

^V^i: via eii: *g»?^'>xyN^»S4if «t;;\ 
CDXhl-^^i^. :^XM^^X-noZb^^X^:^. 

[0020] mMm<7)X a -sksstkI) i:<j?<?D± 

xmx%?> -f^iJ^^^Ml:§-fr=5rv\ 
[002 1] 
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ioMTii. ±spii®3«^-t!isn-So Tmmm2 

[0022] mTtjE4 :^yiimmmtim^ 0 . 

m<m(Dt:iibizsmzrmmm2*^M.m&iz^j:^, fzib 
i,zTmmm2i,zitm>{ ^yi!^'^ti?>tiK n,^i^uz 

r9X^;&f>x^N (KK) 4<7)mmizmf^y)zixi:Bi 

)^x3yyts:Z(r>m!&^<r)hhiS:^^Wi\^h>i. — Ji 

^>ti-r V ^ s « .1 <7)x >y ^y-y^r^ y^i i {idtyT* 7 izj: 
'yXM^i>zmi)^tiX\,^h, 

[ 0 0 2 3 3 X .y i-yifi-r y^^ 1 «o:fe*t={4. ilBM^ 

10. 1 0>{)^iS(t^ixl., .rtt{±'>xyN4&Mii-tl>/t 

^fc:fefertcl4;^-fe«y hM8. 8ifih&. Z.ixh\±. x.y 

cD-^-^' yj s'l^/vcD^A tmm^^o fz^co^X'h t « 
y- h^^jv:/ 12.12 *^'^wsfttciS{t^tL-s . 

[ 0 0 2 4 ] h^s;^7'S:M fcx ■y^yj5'>-r y 
A' 1 ^*St^fciS«f Loo. '^xyNcT^s^Sr^f 3 c: b 

*ryT7. 7^ffli.S, -:^c7);i5f-fe>yhS (^l;^-^^ 

[ 0 0 2 5 3 >y hS8t:{i:. ^<(Dm^n%±rm 

# '^X>'^;^r -fe -y h 9 i^mtt ^>^XS , ffilS 1 0 <0 
i8llT-All«. 30£7)SlHCS^f-ffi«L7ta5*ft 

^ffi< J: 3 ^j:Wm.^mm^itX\^h, MzX 0 "^x 

[0026] -#JiO'>x^N^ftiK{4. '^xyNSrliSL 

8 i>x >y f-Vi^'-f -V y^^' 1 i A-^T^f < i t ti^X'^ 
RMicr-A^i^46^^B#{4. JgjMT-Al 1<04"C^ 

m<r>±.\,z^x.f\^\rmmm:t^, ;i<nkd^j:mkT- 
Mi<ik'm:h^. ^<m<rf^<omkT-j^^m\^xh 

[ 0 0 2 7 ] >y hM8-C{4. '^xysX^-fe-y h 9i0^ 



^'>xyNcoKTic:'>xy\^ft^^||LAix. 

•y b 9 ^iJ'^LI^T^-tf-S . JSBMr-AcO'>xyN«(t« 

'^xys*sii*^^>si:fT-i., ^ttm<7)m.mM^^m-it-$^i, 

A Sr@{f L . X -y y i <^TmW& 2 (D±iz 

-^x^NS-a^, ii-CTSI5«:lg2S:ii'-L±}f^i:. '^x 

-Ai i^x«y^y^^^A'WN'i*»^^§-^s, y- 
12. i2^IBtl..x 'y f-y^^f-^ y/N' i « 

[0 0 2 8] z:LX'^:xj\4li. x-y-^y^^Ml^Sft 

mm. ^^j:ifBmzx^xm^^j:i^<D^:mm-^. x 
i <^mm<Dim.T-j^ 1 1 jjwt/T # X . 

tc^v\ X >yf-yj5'"^;z^on?xy\Sr'y'xyNg{t^tctK-ii: 
TjgVai-f-^ iix{i:^*tM^O;^?-(r-y h^80'>x'N;^?-te 

mi<^Jff-ky hm8lzmXLf::^:cj\±^^jL^y^yi^ 

^L. j^2c0;e'-fe<y hS8 t«<Jc#aLT»9>< . 
[0029] :^TiO'>xy\<:OMS*^"ll*)-g. h . y- h^S' 

;k7^i 2^Kt/i«?j-r-. ^-fe-y hmscomirm. m 

[0030] JiUl{4ii^tcox>y^y^?•■^^^^§r^rl^, 
x.^v^y'^<rymcBii-%\z^ Tgf!«iSI20±ffi^?f}f-t 
Z.fl\i. '>X>'^;^r-fe .y b 9 tC^i^AttTgV^/ijfJi 
fflO^lS'^xys. tfc{4l6^M#g''>xyNt:j;-,T^T 
•5, ClClTii. S i'^xyNSri^'ftfC. ^H^SiO 

X'hh. 3lSott^^i:^<ll«tc. ffiir-Al ifcJ: 
r>T»ifffl'?xv\S:T^«ffi2co±tca^, ^'^x'^rl; 
± 0 . :i1x^mz^^-^^ . ^mJi<7)>'N--x -< 
?tJfffl'>xyNfc#«-f-|.. m^ffe^iOSgiMT-A 1 1 
TmOffiLT. ffi^r<7)n?XyN;{r-fe>y h9fc»<. &|,V-> 
{4. ;^-lr>yhS8tC^{t:tl^^l5-CllWffflWNc?)« 
^^(I'SlL. ffi^M#»a6T*»6'>xyN;{r-fe>y h9tJtX 

[003 1 ] z.ix\,z^ -pt . Tsuascomd^m^^iis 

*»4>. Sl^a^OX-y^y^^iftf^tr^-r-S. mJiMi?) 

TgP«feii(7)yt-7^^i?;P^^ilI^L/ii:i^. 6-fy 

^zx^mm^'^ob. HtsaifcooyN^-x-f^/nc 
flti>. mmi>zwthmmhm.<X'^ti. x>y^y^f^ 
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[00 3 2] 

[0033] 43tffi#.tC?f ff -Scot. 

[ 0 0 3 4 ] § tC^T-«< 0(Cj:fc^T«Jf fmi^i, 

^ i t ^ < . -f^«^^^mc«o^ t ij^T^ ^ . 
[iaBi0^m=Sr^BB] 

imi ] *fe^'>x>'N§-|ai,-»/:::i^s:^Hj£^)^Jfjfc7)^ 

m<o±i,zm^m'^x.^\^m^ zti^y^x^T^m^'t 



[02] ^«M##'>xy\$-fflv^f^*%BJco«S?f»co 

imLX^^^-m.^^'^m. ( b ) {i^pc^egc^^^Stc^ 

»^$-li::t«SIS:^-ril. ( c ) mmmm '>xy^^ 
i^-r-g. ^ b izx ^';l'*^*^j&»4>^*»ti§ c: 

2 Tgpm® 

3 ±SP«Sg 

4 '^X^N 

5 r^xv 

6 wjsismjig 

7 *f>'r 

8 y 

9 ^:xjs:^-^ >y h 

10 j^BUM 

1 1 W&r-M. 

12 ^- b^svp:/ 

13 f'f:5';^- 
l4 ^ifSjC^X^N 
16 i^|g##'>X>'\ 



[01] [ia2] 
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